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Summary. The adhesive function of integrins is 
regulated through cytoplasmic signaling induced by 
several stimuli, whose process is designated "inside-out 
signaling". A large number of leukocytes are rapidly 
recruited to the sites of inflammation where they form an 
essential component of the response to infection, injury, 
autoimmune disorders, allergy, tumor invasion, 
atherosclerosis and so on. The recruitment of leukocytes 
into tissue is regulated by a sequence of interactions 
between the circulating leukocytes and the endothelial 
cells. Leukocyte integrins play a pivotal role in leukocyte 
adhesion to endothelial cells. During the process, the 
activation of integrins by various chemoattractants, 
especially chemokines, is essential for integrin-mediated 
adhesion in which a signal transduced to the leukocyte 
converts the functionally inactive integrin to an active 
adhesive configuration. We have proposed that H-Ras- 
sensitive activation of phosphoinositide 3 (PI 3)-kinase 
and subsequent profilin-mediated actin polymerization, 
can be involved in chemokine-induced integrin- 
dependent adhesion of T cells. The present review 
documents the relevance of cytoplasmic signaling and 
cytoskeletal assembly to integrin-mediated adhesion 
induced by chemoattractants including chemokines 
during inflammatory processes. In contrast, various 
adhesion molecules are known to transduce extracellular 
information into cytoplasm, which leads to T cell 
activation and cytokine production from the cells, 
designated "outside-in signaling". Such a bi-directional 
"cross-talking" among adhesion molecules and cytokines 
is most relevant to inflammatory processes by 
augmenting immune cell migration from circulation into 
inflamed tissue such as rheumatoid arthritis, tumor 
invasion, Behget's disease and atherosclerosis. 
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Introduction 
Definition of the molecular basis of cellular 
adhesion and its importance in cell-cell and cell-matrix 
interactions have progressed during the last decade. 
Adhesion molecules are involved in signaling i n  
multiple physiological and pathological processes. The 
expression and function of adhesion molecules are 
tightly regulated through intracellular signaling induced 
by several cellular stimuli, whose process is designated 
"inside-out signaling". Among these stimuli, cytokines 
are potent inducers of adhesive function as well as 
expression of several adhesion molecules. Leukocyte 
function-associated antigen (LFA)-1 (aLB2 integrin) and 
very late antigen-4 (VLA)-4 (a4B1 integrin) mediate 
adhesion of leukocytes to opposing ligands, intercellular 
adhesion molecule (1CAM)-1 and vascular cell adhesion 
molecule (VCAM)-l, respectively, both of which belong 
to immunoglobulin superfamily (IgSF), but the adhesive 
capacity of integrins is tightly regulated. Although 
integrins expressed on resting cells do not mediate firm 
adhesion to their ligands, stimulation of these cells 
results in a rapid increase in integrin function (Butcher, 
1991; Shimizu et al., 1992; Tanaka et al., 1992). 
Thus, activation of integrins is essential for integrin- 
mediated adhesion in which a signal transduced to the 
leukocyte converts the functionally inactive integrin to 
an active adhesive configuration. In this regard, we have 
reported that the chemokine macrophage inflammatory 
protein (MIP)-la and MIP-18 trigger integrins and 
induce adhesion of circulating T cells and leukemic T 
cells to endothelial cell integrin-ligands (Tanaka et al., 
1993a,b, 1998a,c,d; Adams et al., 1994). Several recent 
studies have emphasized the potential importance of 
chemokines in inflammatory responses; various 
chemokines including MIP-1B produced in large 
amounts at the site of inflammation activate integrins on 
leukocytes and result in leukocyte migration and 
accumulation in inflamed tissues. The mechanisms of 
integrin-triggering are thought to be that conformational 
change of ectodomain of integrins andtor clustering of 
integrins on the cell membrane can induce active, 
adhesive configuration of integrins, which is brought 
about by the cytoskeletal actin-polymerization 







